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3 Influence of macroinvertebrate sample size on 
bioassessment of streams 

 
 

 
 
Collection of macroinvertebrate samples from the Heelsumse beek. Photo: Martin van den 
Hoorn.
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3 Influence of macroinvertebrate sample size on bio-
assessment of streams 

Hanneke E. Vlek, Ferdinand Šporka & Il’ja Krno 
 
Hydrobiologia (2006) 566: 523-542. 
 
Abstract 
 
In order to standardise biological assessment of surface waters in Europe, a 
standardised method for sampling, sorting and identification of benthic 
macroinvertebrates in running waters was developed during the AQEM 
project. The AQEM method has proved to be relatively time-consuming. 
Hence, this study explored the consequences of a reduction in sample size on 
costs and bioassessment results. Macroinvertebrate samples were collected 
from six different streams: four streams located in the Netherlands and two in 
Slovakia. In each stream 20 sampling units were collected with a pond net (25 x 
25 cm), over a length of approximately 25 cm per sampling unit, from one or 
two habitats dominantly present. With the collected data, the effect of 
increasing sample size on variability and accuracy was examined for six metrics 
and a multimetric index developed for the assessment of Dutch slow running 
streams. By collecting samples from separate habitats it was possible to 
examine whether the coefficient of variation (CV; measure of variability) and 
the mean relative deviation from the “reference” sample (MRD; measure of 
accuracy) for different metrics depended only on sample size, or also on the 
type of habitat sampled. Time spent on sample processing (sorting and 
identification) was recorded for samples from the Dutch streams to assess the 
implications of changes in sample size on the costs of sample processing. 
Accuracy of metric results increased and variability decreased with increasing 
sample size. Accuracy and variability varied depending on the habitat and the 
metric, hence sample size should be based on the specific habitats present in a 
stream and the metric(s) used for bioassessment. The AQEM sampling 
method prescribes a multihabitat sample of 5 m. Our results suggest that a 
sample size of less than 5 m is adequate to attain a CV and MRD ≤ 10% for 
the metrics ASPT (Average Score per Taxon), Saprobic Index and type 
Aka+Lit+Psa (%) (the percentage of individuals with a preference for the akal, 
littoral and psammal). The metrics number of taxa, number of individuals and 
EPT-taxa (%) required a multihabitat sample size of more than 5 m to attain a 
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CV and MRD of ≤ 10%. For the metrics number of individuals and number of 
taxa a multihabitat sample size of 5 m is not even adequate to attain a CV and 
MRD of ≤ 20%. Accuracy of the multimetric index for Dutch slow running 
streams can be increased from ≤ 20% to ≤ 10% with an increase in labour 
time of two hours. Considering this low increase in costs and the possible 
implications of incorrect assessment results it is recommended to strive for this 
≤ 10% accuracy. To achieve an accuracy of ≤ 10% a multihabitat sample of 
the four habitats studied in the Netherlands would require a sample size of 2.5 
m and a labour time of 26 hours (excluding identification of Oligochaeta and 
Diptera) or 38 hours (including identification of  Oligochaeta and Diptera). 
 
Keywords: sample size, costs, macroinvertebrates, metrics, bioassessment, streams, the 
Netherlands, Slovakia 
 
Introduction 
 
One of the objectives of the European Water Framework Directive (WFD; 
European Commission, 2000) is to standardise the biological assessment of 
surface waters in Europe. In the AQEM project assessment systems based on 
macroinvertebrates, which meet the requirements of the WFD (Hering et al., 
2004), were developed. For example, an assessment system for slow running 
streams was developed in the Netherlands (Dutch AQEM assessment system; 
Vlek et al., 2004). For the development of the assessment systems data were 
collected in eight European countries using a standardised method for 
sampling, sorting and identification (Hering et al., 2004). This standardised 
AQEM method requires a pond net (width: 25 cm) or kick sample collected 
over a length of 5 m, divided into 20 sampling units of 25 cm. The 20 sampling 
units are proportionally distributed over the habitats present in a stream 
consistent with their relative coverage. The AQEM method has proved to be 
relatively time consuming, i.e., sample processing of Dutch samples can take 
155 hours per sample (Vlek, 2004). Before water managers are willing to apply 
the AQEM method for the purpose of biological monitoring the costs 
associated with the method will have to be drastically reduced.  

Costs of monitoring can, among others, be reduced by reducing the 
sample size. The interpretation of the concept of sample size is variable. Cao et 
al. (1997) and Bartsch et al. (1998) interpreted sample size as the number of 
samples (replicates), while Metzling & Miller (2001) interpreted sample size as 
the physical size of a sample. In most cases a decrease in the costs of biological 
monitoring programs has been achieved by limiting the number of samples or 
restricting the number of organisms picked (Metzling & Miller, 2001). The 
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implications of these measures to reduce costs have been the subject of many 
studies (e.g., Needham & Usinger, 1956; Chutter, 1972; Elliot, 1977; Barbour et 
al., 1996; Somers et al., 1998; Lorenz et al., 2004). The implications of reducing 
the physical sample size, however, have hardly been studied. Also, 
investigations concerning the number of replicate samples are not relevant in 
the context of biological monitoring by water managers, since water managers 
usually take only one multihabitat sample for the purpose of biological 
monitoring. This multihabitat sample consists of several sampling units from 
different habitats and all sampling units together form one composite 
multihabitat sample. In this study we, therefore, addressed the influence of 
physical sample size instead of the number of replicate samples.   

Two important aspects of biological monitoring results should be 
considered in making decisions on the applied sample size: variability and 
accuracy. Biological monitoring usually has two purposes: (1) to estimate 
variables of interest at one site and (2) to make comparisons among sites or 
times. Variables of interest in biological monitoring are primarily metric values 
(e.g., the number of taxa, ASPT values, BMWP values) and ecological quality 
indications resulting from assessment systems. Accuracy is a very important 
aspect of estimating metric values, since accuracy refers to the closeness of a 
measurement to its true value (Norris et al., 1992). For the purpose of this 
study the definition of accuracy by Norris et al. (1992) has been adopted. The 
aspect of variability is very important in making comparisons, because the 
validity of conclusions depends on data variability (Norris et al., 1992). Higher 
variability and lower accuracy increase the risk of incorrect assessment results. 
In case the ecological quality at a site is incorrectly assessed as less than good, 
water managers will unnecessarily take costly restoration measures to reach a 
good ecological quality by 2015 (European Commission, 2000). From this 
point of view, the consequences of poor decision making due to low accuracy 
and/or high variability potentially outweigh the savings associated with a 
smaller sample size (Doberstein, 2000).  

Given the importance of accuracy, variability and costs in the process 
of decision making, the aim of this study was to assess the implications of 
changes in sample size for different habitats on: (1) the variability and accuracy 
in metric values, (2) the variability and accuracy of assessment results calculated 
with the Dutch AQEM assessment system and (3) the costs of sample 
processing. 
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Methods 
 
Study site and data collection 
 
The Netherlands 
 
Streams dominated by a single habitat (coverage > 50%) were selected to 
enable sampling of that habitat over a total length of 5 m. In total, four sites at 
four different streams (the Oude beek, the Heelsumse beek, the Tongerensche 
beek and the Molenbeek) were sampled. Each stream is dominated by a 
different habitat. The streams represent slow flowing (current velocity < 50 
cm/s) middle and downstream reaches of poor to moderate ecological quality 
in the Netherlands, except for the Oude Beek. The Oude Beek is an upstream 
reach of good ecological quality. The catchment area of all streams is smaller 
than 100 km2 and is located between 0 and 200 m a.s.l. Fine to medium-sized 
gravel (0.2–2 cm; akal) was sampled in the Oude Beek (N 52º 9′ 47.9″ E 5º 57′ 
30.1″), submerged macrophytes (Callitriche sp.) in the Heelsumse beek (N 51º 
58′ 40.7″ E 5º 45′ 30.6″), sand in the Tongerensche beek (N 52° 20΄ 22.9˝ E 5° 
55΄ 47.3˝) and FPOM (fine particulate organic matter) in the Molenbeek (N 
51° 59΄ 26.2˝ E 5° 43΄ 53.5˝). The Heelsumse beek, the Tongerensche beek, 
and the Molenbeek were selected because they represent a stream type and 
ecological quality which frequently occurs in the Netherlands. The Oude Beek 
was selected because gravel is frequently found in streams of good ecological 
quality.  

Sampling took place between June and September 2002. From each 
stream 20 sampling units of the dominant habitat were collected. A sampling 
unit was collected by pushing a rectangular pond net (25 cm x 25 cm, mesh 
size 500 μm) through the upper part of the substratum (2 - 5 cm) over a length 
of approximately 25 cm. A ruler was used to visually point out the length of 
approximately 25 cm. The 20 sampling units were collected in buckets, and 
kept separately during sample processing. In the laboratory the sampling units 
were stored overnight in a refrigerator, where they were oxygenated until 
sorting. The sampling units were washed through a 1000 and a 250 μm sieve 
prior to sorting. Live organisms were sorted from the sampling units by eye 
and preserved in 70% ethanol, except for Oligochaeta and Hydracarina. 
Oligochaeta were preserved in 4% formaldehyde and Hydracarina in Koenike 
fluid. Organisms were identified to the lowest taxonomic level possible, i.e., 
species level for almost all specimens. Literature used for identification 
purposes is listed in AQEM consortium (2002: 156, Appendix 8). Time spent 
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on sorting and identification of all specimens in each sampling unit was 
recorded. 
 
Slovakia 
 
In Slovakia, four different habitats were sampled in two streams: Pokútsky 
potok (N 48° 34΄ 14.8˝ E 18° 40΄ 16.5˝) and Hostiansky potok (N 48° 29΄ 
36.3˝ E 18° 28΄ 40.1˝). Both streams are siliceous mountain streams in the 
West Carpathian. Their catchment is smaller than 100 km2 and is located 
between 200 and 500 m a.s.l. Pokútsky potok represents streams of high 
ecological quality and Hostiansky potok represents streams of good to 
moderate ecological quality. Two dominating habitats were sampled in both 
streams: macrolithal (20 – 40 cm) and mesolithal (6 – 20 cm) in Pokútsky 
potok, akal and microlithal (2 – 6 cm) in Hostiansky potok. The streams were 
selected because they represent a range in ecological quality that is frequently 
found in small siliceous mountain streams in the West Carpathian. 

Sampling took place in June 2003. From each habitat 20 sampling units 
were collected as described for the Dutch streams. The 20 sampling units were 
collected in buckets, preserved in 4% formaldehyde, and kept separately during 
sample processing. The buckets were transported to the laboratory. The 
sampling units were washed through a 1000 μm and a 500 μm sieve in the 
laboratory prior to sorting. Preserved organisms were sorted from the sampling 
units by stereomicroscope and preserved in 70% ethanol. Organisms were 
identified to the lowest taxonomic level possible, i.e. species level for almost all 
specimens. Literature used for identification purposes is listed in AQEM 
consortium (2002: p. 143, Appendix 8). 
 
Data analysis 
 
In total 158 sampling units were collected from eight different habitats. The 
assumption was made that the 20 pooled sampling units from one habitat 
would accurately represent the macroinvertebrate community composition of 
the respective habitat. The 20 pooled sampling units (with a total sample size 
of 5 m) are therefore referred to as the “reference” sample. The sample size is 
expressed as the length over which the pond net was pushed through the 
substratum. This length can be easily converted into the sampled area by 
multiplying it by 0.25 m (width of the pond net). Different numbers and 
combinations of sampling units were pooled per habitat to “construct” 
composite samples of different sizes. To gain insight into the effect of sample 
size on variability and accuracy the sampling units from each habitat were 
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randomly reordered 50 times. In case of one sampling unit or 19 sampling 
units it was only possible to reorder 20 times. For each sample size the 
randomly selected sampling units were pooled to form a composite sample. 
Sampling units were selected randomly without replacement because in the 
field the same area is normally not sampled twice. The described procedure 
resulted in 50 or 20 replicate (composite) samples per sample size with sample 
size ranging from 0.25 m to 4.75 m. For example, 50 randomly selected 
combinations of eight sampling units were used to study a sample size of 2 m. 

For evaluation, six metrics were selected from an extensive list of 
metrics that can be calculated with the program ASTERICS version 1.0 
(AQEM/STAR Ecological RIver Classification System; http://www.aqem.de): 
the Saprobic Index (Zelinka & Marvan, 1961), the Average Score per Taxon 
(ASPT; Armitage et al., 1983), the number of individuals, the number of taxa, 
the percentage of Epehemeroptera, Plecoptera and Trichoptera taxa (EPT-taxa 
(%); Lenat, 1988), and the percentage of individuals with a preference for the 
akal, littoral and psammal (type Aka+Lit+Psa (%); Schmedtje & Colling, 1996). 
The first reason to select these metrics was that they represent a variety of 
metric types (taxon richness, community composition, tolerance-intolerance, 
habitat preference, population attributes). Second, some of these metrics are 
frequently used in Europe. Third, EPT-taxa (%),  type Aka+Lit+Psa (%) and 
ASPT have proven to be well correlated to anthropogenic stress in Dutch slow 
running streams and are incorporated in a revised version of the multimetric 
index for the assessment of Dutch slow running streams described by Vlek et 
al. (2004). Fourth, EPT-taxa (%) and ASPT have proven to be well correlated 
to anthropogenic stress in streams with habitats similar to the habitats present 
in Slovakian mountain streams (Hering et al., 2004).  

Metric values were calculated for all composite samples and plotted 
against the sample size (number of pooled sampling units) (Heyer & Berven, 
1973; Bartsch et al., 1998). Species abundances in a sample of a certain size 
were always standardised to a sample size of 5 m (abundance x 5/sample size 
(m)), e.g., species abundances in a composite sample consisting of 10 sampling 
units (2.5 m) were multiplied by two to make them comparable to the species 
abundances in a composite sample consisting of 20 pooled sampling units (5 
m). To compare accuracy between metrics, habitats and sample size, the 
relative deviation of the metric value for each composite sample from the 
“reference” sample (true value) was calculated. The information concerning 
accuracy was summarised by calculating the mean relative deviation (MRD) 
over all composite samples of a certain size. 

The coefficient of variation (CV = SD / mean), a measure of 
variability, was calculated for the metric values of each sample size per habitat. 
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The minimal sample size required to attain a CV and MRD of both ≤ 10% and 
≤ 20% was graphically depicted to facilitate the comparison of the effect of 
sample size on accuracy and variability for different metrics and habitats. The 
minimal sample size, henceforth referred to as the sample size, required to 
achieve a certain level of variability or accuracy is used as a measure for 
variability and accuracy. This is possible because sample size is correlated with 
variability/accuracy; a larger sample size implies lower variability or higher 
accuracy. The sample sizes required to reach a CV or MRD of both ≤ 10% and 
≤ 20% for the individual habitats (FPOM, sand akal and submerged 
macrophytes in the Netherlands; akal, macrolithal, mesolithal and microlithal in 
Slovakia) were summed per country to gain insight into the sample size 
required for a multihabitat sample. 

For all composite samples from Dutch habitats, ecological quality 
classes were calculated with a revised version of the multimetric index 
described by Vlek et al. (2004), in order to determine the effects of sample size 
and habitat on the variability and accuracy in assessment results. The ecological 
quality class for the samples from Slovakia was not calculated because no 
suitable multimetric index was available for the assessment of samples from 
Slovakian streams.  

Sample processing time (time spent on sorting and identification) was 
recorded for each Dutch sampling unit. The mean sample processing time, 
including and excluding the time needed for the identification of Oligochaeta 
and Diptera, was plotted against sample size per habitat to study the 
consequences of an increase in sample size in terms of costs. A t-test  (α=0.05) 
was performed per sample size to look for significant differences in sample 
processing time between habitats. Residuals were plotted against predicted 
values to check for normality in sample processing time. No deviations from 
normality in sample processing time were found. 
 
Results 
 
Variability and sample size  
 
The mean and standard deviation for sample sizes ranging from 0.25 to 4.75 m 
are given for each metric and habitat in the supplementary material*. 
Depending on the metric, the effect of increasing sample size on metric values 
showed different types of responses (supplementary material). A decrease in 
variation with increasing sample size and a relative stable mean (e.g., Fig. 3.1) 
was observed for the following metrics: number of individuals, Saprobic Index, 
type Aka+Lit+Psa (%) and EPT-taxa (%) (supplementary material). A decrease 

* Electronic supplementary material is available fort his article at 
<http://dx.doi.org/10.1007/s10750-006-0074-7> and accessible for authorised users. 
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in variation and an increase in the mean value with increasing sample size (e.g., 
Fig. 3.2) was observed for the number of individuals and the number of taxa 
(supplementary material). The type of metric response to increasing sample 
size was identical for all habitats and streams in both the Netherlands and 
Slovakia (supplementary material). The ASPT values showed either one of the 
two described responses or an intermediate response (Fig. 3.3), depending on 
the habitat (supplementary material).  
 

20

22

24

26

28

30

32

34

36

38

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

sample size (m)

ty
p

e 
A

ka
+

L
it

+
P

sa
 (

%
)

 
Figure 3.1: Response of type Aka+Lit+Psa (%) values to increasing sample size for composite FPOM 
samples from the Molenbeek. 
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Figure 3.2: Response of the number of taxa to increasing sample size for composite FPOM samples 
from the Molenbeek. 
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Figure 3.3: Response of the number of taxa to increasing sample size for composite FPOM samples 
from the Molenbeek. 

 
The Saprobic Index and the metric type Aka+Lit+Psa (%) showed 

relatively low variability (Fig. 3.4). A sample size of 0.5 m or less was in all 
cases sufficient to reach a CV of ≤ 10%, with two exceptions: (1) in case of the 
habitat akal (NL) and the Saprobic Index a sample size of 2.5 m was required 
to reach a CV of ≤ 10% (2) in case of the habitat submerged macrophytes 
(NL) and the metric type Aka+Lit+Psa (%) a sample size of 1.5 m was 
required to reach a CV of ≤ 10% (Fig. 3.4).  

The ASPT and the number of taxa showed intermediate variability (Fig. 
3.4). The sample size required to achieve a CV of ≤ 20% for the ASPT was 
0.25 m. However, to achieve a CV of ≤ 10% for the ASPT the sample size had 
to be much larger for the habitats akal (1.25 m) and sand (1.75 m) in the 
Netherlands. For the other habitats the sample size required to achieve a CV of 
≤ 10% varied between 0.25 m and 0.75 m. For the number of taxa the sample 
size required to achieve a CV of ≤ 20% was low (0.25-0 .75 m). As for the 
ASPT, however, the sample size had to be much larger to achieve a CV of ≤ 
10% (0.75-2 m) and differences between habitats became obvious. Variability 
in the number of taxa did not increase as a function of the number of taxa or 
the number of individuals collected from a habitat. For example, the metric 
number of taxa showed higher variability for sand samples than FPOM 
samples (Fig. 3.4), while the number of individuals and the number of taxa 
collected from the FPOM samples were higher than the number of individuals 
and taxa collected from the sand samples (Table 3.1). 
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EPT-taxa (%)
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d. 
type Aka+Lit+Psa (%)
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Figure 3.4: Overview of the minimal sample size required to attain a CV of ≤ 10% and ≤ 20 % 
(maximum) for each combination of habitat and metric (sub mac = submerged macrophytes; macro = 
macrolithal; micro = microlithal, meso = mesolithal; NL = Netherlands; S = Slovakia) for the six 
evaluated metrics.(a) Saprobic Index; (b) ASPT; (c) EPT-taxa (%); (d) type Aka+Lit+Psa (%); (e) 
number of taxa; (f) number of individuals. 
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Table 3.1: Overview of the number of individuals and number of taxa collected from the 20 sampling 
units per habitat and country.  
 

Habitat Number of individuals Number of taxa
The Netherlands   
akal 2759 59
submerged macrophytes 3032 44
FPOM 7693 71
sand 5404 63
Slovakia  
akal 3246 54
microlithal 2152 59
mesolithal 1056 58
macrolithal 1198 66

 
The EPT-taxa (%) and the number of individuals showed high 

variability in most cases (Fig. 3.4). The sample size required to achieve a CV of 
≤ 10% for the EPT-taxa (%) varied highly from 0.5 to 4.25 m in both 
countries, depending on the habitat. Results for the EPT-taxa (%) from the 
habitat FPOM are not depicted in Figure 3.4, because EPT-taxa were only 
found in three of the 20 sampling units and in very low percentages (3.4% on 
average). The sample size required to achieve a CV of ≤ 10% for the EPT-taxa 
(%) was 2.5 m on average, whereas it was 1 m on average to achieve a CV of ≤ 
20%. To achieve a CV of ≤ 10%, all habitats required a sample size of at least 
1.75 m, except for the habitats akal (NL) and macrolithal (S). The differences 
between habitats were somewhat smaller for the number of individuals than 
for the EPT-taxa (%) with the sample size required to achieve a CV of ≤ 10% 
ranging from 2.5 to 4 m. On average sampling of 3 m (CV of ≤ 20%) and 1.5 
m (CV of ≤ 10%) was required for the number of individuals.  

Akal was the only habitat sampled both in the Netherlands and in 
Slovakia. The difference in the sample size required to achieve a CV of ≤ 10% 
for this habitat between the Netherlands and Slovakia was less than 0.75 m for 
the number of individuals, the ASPT and the metric type Aka+Lit+Psa (%) 
(Fig. 3.4). The differences in the sample size required to achieve a CV of ≤ 
10% were much higher for the number of taxa (1 m), the EPT-taxa (%) (2 m) 
and the Saprobic Index (2.25 m).  
The sample size required to reach a CV of ≤ 10% and ≤ 20% for a 
multihabitat sample from streams in the Netherlands and Slovakia is shown in 
Table 3.2. The sample size required to attain a CV ≤ 10% for the Saprobic 
index, the metric type Aka+Lit+Psa (%) and the ASPT was considerable 
smaller than 5 m (between 1.5 m  and 3.75 m). The minimal sample size 
required to attain a CV of ≤ 10% for the metrics number of taxa, number of  
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individuals and EPT-taxa (%) varied between 4.5 m and 13.75 m. To reach a 
CV of ≤ 20% the metrics ASPT, number of taxa, Saprobic Index and type 
Aka+Lit+Psa (%) required a considerable smaller minimal sample size 
compared to the EPT-taxa (%) and the number of individuals (between 2.75 m 
and 6.5 m smaller). All metrics, except the number of individuals, required a 
minimal sample size of less than 5 m to attain a CV of ≤ 20%. 
 
Accuracy and sample size 
 
The same patterns were observed in the relative accuracy of metrics as in the 
relative variability of metrics: high accuracy corresponds to low variability. Like 
the differences in variability (Fig. 3.4), the differences in accuracy between 
metrics were high (Fig. 3.5). The Saprobic Index and the metric type 
Aka+Lit+Psa (%) showed relative high accuracy (Fig. 3.5). For both metrics a 
sample size of 0.25 to 0.5 m was sufficient to reach a MRD of ≤ 10%, with 
two exceptions: (1) in case of the habitat akal and the Saprobic index a sample 
size of 2.25 m was required and (2) in case of the habitat submerged 
macrophytes and the metric type Aka+Lit+Psa (%) a sample size of 1.5 m was 
required. 

The ASPT showed intermediate accuracy (Fig. 3.5). The sample size 
required to achieve a MRD ≤ 20% for the ASPT was low (0.25 to 0.5 m). 
However, the sample size required to attain a MRD of ≤ 10% varied from 0.25 
to 1.5 m depending on the habitat. 

The EPT-taxa (%), number of individuals and number of taxa showed 
relatively low accuracy (Fig. 3.5). The sample size required to attain a MRD of 
≤ 10% was 3 m on average for all three metrics. To attain a MRD of ≤ 20% 
this was 1.5 m on average. The pattern in relative accuracy for the number of 
taxa differed (Fig. 3.5) from the pattern in relative variability (Fig. 3.4). The 
metric showed intermediate variability compared to low accuracy.  

The differences in accuracy and variability between habitats for the 
different metrics showed similar patterns (Figs 3.4, 3.5). Differences in 
accuracy between habitats were larger when the deviation from the “reference” 
sample was higher, except for the number of taxa (Fig. 3.5). Differences in 
variability and accuracy between habitats were highest for the EPT-taxa (%) 
(Figs 3.4, 3.5). Differences between habitats were minimal for the Saprobic 
Index values and the metric type Aka+Lit+Psa (%) for both variability and 
accuracy, with two exceptions: (1) the habitat akal showed low accuracy and 
high variability for the Saprobic Index and (2) the habitat submerged 
macrophytes showed low accuracy and high variability for the metric type 
Aka+Lit+Psa (%) compared to all other habitats (Figs. 3.4, 3.5). The difference 
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in accuracy between habitats for the number of taxa was low compared to the 
differences in variability.  

The differences in the sample size required to attain a MRD of ≤ 10% 
for the habitat akal between the Netherlands and Slovakia was less than 0.75 m 
for all metrics, except for the Saprobic Index (2 m; Fig. 3.5).  

The sample size required to reach a MRD of ≤ 10% and ≤ 20% for a 
multihabitat sample from streams in the Netherlands and Slovakia is shown in 
Table 3.2 . The sample size required to attain a MRD ≤ 10% for the Saprobic 
index, the metric type Aka+Lit+Psa (%) and ASPT was smaller than 5 m 
(between 1.25 m and 4 m). The sample size required to attain a MRD ≤ 10% 
for the metrics number of taxa, number of individuals and EPT-taxa (%) 
varied between 6.75 m and 15.5 m. To reach a MRD of ≤ 20% the metrics 
ASPT, Saprobic Index and type Aka+Lit+Psa (%) required a considerable 
smaller sample size compared to the EPT-taxa (%), the number of taxa and the 
number of individuals (between 1 m and 10.25 m smaller). All metrics, except 
the EPT-taxa (%) from Dutch streams and the number of taxa, required a 
sample size of less than 5 m to attain a CV of ≤ 20%. 
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d. 
type Aka+Lit+Psa (%)

0

1

2

3

4

5

sub mac -
 NL

akal -
 NL

FPOM - N
L

san
d - N

L
akal -

 S

macr
o - S

meso
 - S

micro
 - S

habitat

sa
m

pl
e 

si
ze

 (
m

) 10% 20%

 

e. 
number of taxa

0

1

2

3

4

5

sub mac -
 NL

akal -
 NL

FPOM - N
L

san
d - N

L
akal -

 S

macr
o - S

meso
 - S

micro
 - S

habitat

sa
m

p
le

 s
iz

e 
(m

) 10% 20%

 

f. 
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Figure 3.5: Overview of the minimal sample size required to attain a mean relative deviation of ≤ 10% 

and ≤ 20 % for each combination of habitat and metric (sub mac = submerged macrophytes; macro = 
macrolithal; micro = microlithal, meso = mesolithal; NL = The Netherlands; S = Slovakia) for the six 
evaluated metrics.(a) Saprobic Index; (b) ASPT; (c) EPT-taxa (%); (d) type Aka+Lit+Psa (%); (e)  

number of taxa; (f) number of individuals. 
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Assessment and sample size 
 
The relation between sample size and the deviation from the ecological quality 
class associated with the “reference” sample differed between habitats. 
Assessment results for the habitat FPOM did not depend on sample size; a 
sample size of only 0.25 m resulted in all cases in an ecological quality class 
identical to that of the “reference” sample (Table 3.3). Assessment results for 
the habitat sand deviated from the “reference” samples for sample sizes 
varying between 1 and 1.75 m, but only in 4% of the cases (Table 3.3). In many 
cases small samples (0.25-0 .75 m) from the habitats submerged macrophytes 
and akal showed a deviation in ecological quality class from the “reference” 
sample. To reduce the percentage of samples indicating an ecological quality 
class deviating from the “reference” sample to less than 10%, a sample size of 
at least 1 m is required when collecting samples from submerged macrophytes 
or akal (Table 3.3). 
 
Table 3.3: Overview of the percentage of samples indicating an ecological quality class different from the 
“reference sample” per habitat (sampled in the Netherlands) and sample size. Percentages for sample sizes 
larger than 1.75 m are not listed, because these were zero. 
 

Sample size (m) Habitat 
 Submerged 

macrophytes 
Akal FPOM Sand

0.25 25 26 0 0
0.5 55 30 0 0
0.75 16 24 0 0
1 6 6 0 2
1.25 8 2 0 4
1.5 0 0 0 4
1.75 2 0 0 4

 
Sample processing costs 
 
Mean sample processing time (or costs) increased with sample size for all 
habitats (Fig. 3.6). A twofold increase in sample size resulted in approximately 
a doubling of the costs. The relative increase in costs with an increase in 
sample size of 0.25 m (for sample sizes larger than 0.5 m) was relatively low (≤ 
factor 1.3). The absolute increase in costs, however, was considerable, e.g., 
between 139 and 519 minutes for an increase in sample size from 0.75 to 1 m.  

Costs varied considerably between habitats (Fig. 3.6). Irrespective of 
sample size, costs significantly differed between habitats (p <0.001), except for 
costs between sand and akal samples that did not differ significantly for a 
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sample size of 0.25 m (p = 0.053). Processing of FPOM samples proved to be 
the most costly, followed by samples from the habitat sand, akal and 
submerged macrophytes, respectively (Fig. 3.6). The differences in costs 
between sand, akal and submerged macrophytes samples were relatively small 
compared to the differences in costs between FPOM samples and samples 
from all other habitats (Fig. 3.6).  

Costs were related to the number of individuals collected from a 
sample. Costs for FPOM samples were relatively high, and so was the number 
of individuals collected from the FPOM samples (Fig. 3.6 and Table 3.1). The 
costs of FPOM samples were high compared to sand samples (factor 2.2 
higher) and so was the number of individuals collected from FPOM samples 
(factor 1.4 higher). However, the differences in costs between FPOM and sand 
samples could not be completely explained by the differences in the number of 
individuals; the costs of FPOM samples were much higher than expected 
based on the number of individuals.  
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Figure 3.6: Mean sample processing time as a function of sample size for the habitats sand, akal, 
FPOM and submerged macrophytes from Dutch streams. 
 

Costs were greatly reduced by not identifying Oligochaeta and Diptera 
(Figs. 3.6, 3.7). The costs of sand samples were reduced with a factor 2.7, of 
FPOM samples with a factor 1.9, of akal samples with a factor 1.3, and of 
submerged macrophytes with a factor 1.2. These reductions in costs were 
related to the number of Oligochaeta and Diptera individuals present in the 
samples. The FPOM and sand samples consisted for approximately 70% of 



 Chapter 3 

 89

Oligochaeta and Diptera individuals, while this percentage was only 40% for 
akal samples and 18% for submerged macrophytes samples. Even when 
Oligochaeta and Diptera were not identified the costs of FPOM samples were 
still the highest, followed by samples from the habitat akal, submerged 
macrophytes and sand (Fig. 3.7). Despite the decrease in costs associated with 
not identifying Oligochaeta and Diptera, a twofold increase in sample size still 
resulted in approximately a doubling of the costs. 
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Figure 3.7: Mean sample processing time (excluding the identification of Oligochaeta and Diptera) as a 
function of sample size for the habitats sand, akal, FPOM and submerged macrophytes from Dutch 
streams. 

 
The cost that had to be made to reach a CV of ≤ 10% and ≤ 20% for 

the individual habitats and the multihabitat samples are given in Table 3.4. The 
costs in Table 3.4 are directly related to the sample size. Only the costs related 
to variability are shown in Table 3.4 because results for accuracy and variability 
were similar (Figs. 3.4, 3.5). The costs of FPOM samples for the EPT-taxa (%) 
were not included in Table 3.4 because EPT-taxa were only found in three of 
the 20 sampling units, which means that the total costs for the EPT-taxa (%) 
were underestimated. The total costs (costs for a multihabitat sample) to 
achieve a CV ≤ 20% were high for the number of individuals and the EPT-
taxa (%), 96 and 62 hours respectively (Table 3.4). The total cost to achieve a 
CV ≤ 20% for the other metrics varied between 20 and 34 hours. To reduce 
CV from ≤ 20% to ≤ 10% an increase in total costs by a factor of 1.6 (19 
hours) for the Saprobic Index and by a factor of 1.5 (12 hours) for the metric 
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type Aka+Lit+Psa (%) was required (Table 3.4). The other metrics required an 
increase in total costs by a factor of 1.8 to a factor of 3.4, or an absolute 
increase in hours between 50 and 199. The differences in total costs between 
metric to reach a CV of ≤ 10% were much larger than the differences in total 
costs between metrics to reach a CV of ≤ 20%. The total costs to reach a CV 
of ≤ 10% were low for the Saprobic Index (54 hours) and the metric type 
Aka+Lit+Psa (%) (35 hours) compared to the others metrics (between 70 and 
215 hours) (Table 3.4).  

The absolute differences in total costs between metrics were lower 
when the costs for the identification of Oligochaeta and Diptera were not 
included, while the relative differences in total costs between metrics remained 
similar. When Oligochaeta and Diptera were not identified an increase in total 
costs by a factor of 1.7 for the Saprobic Index (16 hours) and for the metric 
type Aka+Lit+Psa (%) (10 hours) was required to reduce CV from ≤ 20% to 
≤ 10% (Table 3.4). The other metrics required an increase in costs by a factor 
of 2.1 to a factor of 3.1, or an absolute increase in hours between 26 and 69, 
when Oligochaeta and Diptera were not identified (Table 3.4). 

To gain accuracy in assessment results, by reducing deviations from the 
ecological quality class with the “reference” sample, from ≤ 20% to ≤ 10% 
sample size (and costs) didn’t have to be increased for the habitats FPOM, 
sand and akal (Table 3.3). The habitat submerged macrophytes required an 
increase in sample size from 0.75 m to 1 m to achieve this gain in accuracy 
(Table 3.3), which is equal to an increase in labour time of 2 hours (Fig. 3.6). 
 
Table 3.4: Overview of the sample processing time required to attain a CV of ≤ 10% and ≤ 20% 
including and excluding (labour time excl.) the identification of Oligochaeta and Diptera per habitat and 
metric. Sample processing time was only recorded for habitat samples collected from streams in the 
Netherlands.  
 

Metric Habitat Labour time
(hours) 

Labour time excl. 
(hours) 

  CV≤ 10% CV≤ 20% CV≤ 10% CV≤ 20% 
ASPT akal 17 3 14 3
 FPOM 19 10 10 5
 sand 31 5 11 2
 sub mac 2 2 2 2
 total 70 20 38 12
EPT-taxa(%) akal 7 3 5 3
 FPOM 0 0 0 0
 sand 77 54 29 20
 sub mac 28 5 24 4
 total 112 62 58 27
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Metric Habitat Labour time
(hours) 

Labour time excl. 
(hours) 

  CV≤ 10% CV≤ 20% CV≤ 10% CV≤ 20% 
number of 
individuals 

akal 41 20 33 16
FPOM 101 40 52 20

 sand 50 27 19 10
 sub mac 23 9 19 8
 total 215 96 123 55
number of taxa akal 11 3 8 3
 FPOM 40 19 20 10
 sand 27 5 10 2
 sub mac 11 5 9 4
 total 88 32 48 19
saprobic Index akal 35 17 28 14
 FPOM 10 10 5 5
 sand 5 5 2 2
 sub mac 5 2 4 2
 total 54 34 39 23
type Aka+Lit+
Psa(%) 

akal 7 3 5 3
FPOM 10 10 5 5

 sand 5 5 2 2
 sub mac 14 5 11 4
 total 35 23 24 14

 
Discussion 
 
Methodological approach 
 
The optimal sample size is the largest possible (Green, 1979). One of the 
restrictions of this study was that variation and accuracy were studied based on 
the assumption that a sample size of 5 m would cover all variation of one 
habitat at a site. The data showed decreasing variation in metric values and 
increasing accuracy with increasing sample size. The decrease in variation with 
sample size might have been more gradual in reality. Samples of different sizes 
were created by randomly combining samples from the complete pool of 20 
sampling units. The question is whether variation might have been higher if the 
samples of different sizes had been collected in the field. It is difficult to judge 
whether the 5 m sampled in this study covers all variation at a site. Compared 
to the sample sizes applied in biological surveillance monitoring an area 
sampled of 1.25 m2 (= sampling over a length of 5 m) from one habitat is quite 
large, e.g., the mean area sampled in macroinvertebrate monitoring programs 
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by USA state agencies is 1.7 m2 for a mulitihabitat sample (Carter & Resh, 
2001).  

The sample size of the individual sampling units was approximately 25 
cm. It was not possible to sample exactly 25 cm without disturbing the 
substrate prior to sampling. The small variation in sample size between the 
sampling units is not expected to have consequences regarding the applicability 
of the results of this study, since it will always be a problem to determine the 
exact sample size when sampling with a pond net in slow running streams.  

Samples in this study have been collected between June and September. 
The fact that the habitats were not sampled simultaneously might have 
influenced the results. Studies performed in the Netherlands and in Slovakia, 
however, indicated that there are no significant differences in the number of 
individuals, the number of taxa, the EPT-taxa (%), ASPT values or Saprobic 
Index values between months (Šporka et al., 2006; Vlek, 2004). These findings 
make it unlikely that differences in variability between habitats were the result 
of differences between months.  

In many European countries samples are preserved prior to sorting, 
while the samples (from the Netherlands) collected during this study were not 
preserved. Findings by Vlek (2004) suggest that the choice to preserve a 
sample or not will not influence variability and accuracy in metric values, i.e., 
Vlek (2004) detected no significant differences in the number of individuals, 
the number of taxa, the EPT-taxa (%), ASPT values or Saprobic Index values 
between preserved and unpreserved macroinvertebrate samples collected in the 
Netherlands. 

The samples collected in this study came from different streams which 
makes it difficult to determine the effect of sample size on variability in metric 
values of a multihabitat sample. In this study the the assumption was made that 
by reaching a CV (or MRD) of ≤ 10% for the individual habitats, a CV (or 
MRD) of ≤ 10% for the multihabitat samples would be guaranteed. 
Unfortunately, it was not possible to test this assumption since the habitats in 
this study came from different streams. Generally, macroinvertebrate 
community composition differs more among streams than within sites (e.g., 
Doberstein et al., 2000; Sandin & Johnson, 2000). Consequently, variability 
would be much higher in combining habitat samples from different streams 
than combining habitat samples from one stream. According to Beisel (1998) 
the variability in taxon richness and total abundance does not depend on the 
number of habitats sampled. This would suggest that metric values based on 
multihabitat samples would not be more variable than metric values based on 
single habitat samples, as was assumed in this study. Another difficulty was that 
the relation between variability/accuracy and multihabitat sample size was 
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based on the four specific habitats sampled in the Netherlands and in Slovakia. 
This relation will have to be adjusted depending on the number and type of 
habitats present in the stream that is subjected to monitoring. Carter & Resh 
(2001) suggested that multihabitat samples would be more variable than single 
habitat samples, since sampling from multiple habitats in proportion to their 
cover is most likely to be operator dependent and therefore more difficult to 
standardize than collecting from a single habitat samples. The variability in 
habitat coverage estimates is an extra source of variation that should be studied 
in the future. 
 
Variability and sample size 
 
High variability in metric values creates problems with assessment. As a result 
of high variability metric values will overlap between ecological quality classes. 
This overlap makes it impossible to distinguish between many ecological 
quality classes, complicating assessment (Doberstein et al., 2000).  

When considering costs the metrics type Aka+Lit+Psa (%), Saprobic 
Index and ASPT should be preferred over the number of individuals, the 
number of taxa and EPT-taxa (%), for these showed relative low variability and 
high accuracy, which means that the required sample size to attain a certain 
degree of variability is smaller. For biological assessment it is important to 
know whether these metrics are also (highly) correlated to anthropogenic 
stress. Both the ASPT and the Saprobic Index are frequently applied in Europe 
and have proven to be highly correlated to organic pollution. The ASPT has 
been incorporated in multimetric indices in the Czech Rebuplic (Brabec et al., 
2004), Greece (Skoulikidis et al., 2004), Italy (Buffagni et al., 2004), Sweden 
(Dahl et al., 2004) and the United Kingdom (Clarke et al., 2002). The Saprobic 
Index (or derivations from this index) has been incorporated in multimetric 
indices in Austria (Ofenböck et al., 2004), the Czech Republic (Brabec et al., 
2004), Germany (Rolauffs et al., 2004), the Netherlands (Vlek et al., 2004) and 
Sweden (Dahl et al., 2004). A possible correlation between anthropogenic 
stress and type Aka+Lit+Psa (%) values are yet to be established.  

The number of taxa and the number of individuals are notoriously 
poor metrics (Karr & Chu, 1999). The number of individuals showed high 
variation compared to the other metrics evaluated in this study. Apparently, 
significant variation in faunal densities occurs over small spatial scale, possibly 
caused by invertebrate aggregations (Downes et al., 1993). 

Differences in variability between habitats depended on the metric 
studied, indicating that differences in variability between habitats could not be 
explained based on general assumptions about habitat heterogeneity. In 
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general, metrics characterised by higher variability showed larger differences 
between habitats.  

The large differences in variability for the number of taxa, the EPT-
taxa (%) and the Saprobic Index between akal samples from the Netherlands 
and Slovakia might have been the result of regional differences or different 
sample processing protocols. The Slovakian samples were washed through a 
500 μm mesh size sieve, while the Dutch samples were washed through a 250 
μm mesh size sieve. It is not clear why the differences in variability are so high 
for the EPT-taxa (%) and the Saprobic Index compared to the other metrics.  
 
Accuracy and sample size 
 
As long as metric values are highly correlated to anthropogenic stress high 
accuracy is not per definition required for assessment purposes, since class 
boundaries applied in an assessment system should always be calibrated based 
on data. In cases where scientists are interested in the ‘true’ community 
composition instead of biological assessment, accuracy (apart from variability) 
becomes very important. It is difficult to obtain accurate measurements of 
richness due to the collector’s curve phenomenon (Colwell & Coddington, 
1994; Fig. 2). This phenomenon resulted in high costs to establish accurate 
values for the number of taxa and the percentage of EPT-taxa. Colwell & 
Coddington (1994) stated that the number of taxa encountered in a sample 
increases asymptotically as a function of both the area sampled and the number 
of individuals in a sample. Lorenz et al. (2004) suggested that the curve is also a 
function of taxa diversity and that in streams with lower species diversity 
richness measures are likely to approach an asymptote at a smaller sample size. 
In this study no evidence was found to suggest that the number of taxa 
collected increased as a function of the number of individuals or the number 
of taxa in a sample. Cao et al. (2002) and Clarke et al. (2002) found that 
sampling variability in the number of taxa increased with the mean number of 
taxa recorded at a site. Doberstein et al. (2000) found low variances in metric 
values in streams with relatively few taxa. This study did not confirm the 
findings of Doberstein et al. (2000), Cao et al. (2002) and Clarke et al. (2002) 
because no evidence was found to suggest that the number of taxa collected 
increases as a function of the number of taxa in a sample and only minor 
differences were detected between habitats (determines the number of taxa in a 
sample) in variability and accuracy in the number of taxa compared to Cao et 
al. (2002). Where Cao et al. (2002) compared differences between habitats in 
the same river or site we compared habitats from different streams in different 
countries. Cao et al. (2002) detected differences in total taxon richness of more 
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than 30% (based on one sampling unit). We detected differences in total taxon 
richness between Dutch habitats of 8% and between Slovakian habitats of 
18%. An explanation for the differences between our study and that of 
Doberstein et al. (2000), Cao et al. (2002) and Clarke et al. (2002) might be the 
range in the number of taxa collected from the habitats in our study (between 
44 and 71 taxa). This assumption is supported by Cao et al. (2002), who 
showed that relative differences in total taxon richness (%) are much larger 
when comparing a community of 20 taxa with a community of 60 taxa, than 
when comparing a community of 60 with a community of 100 taxa. So, caution 
should be taken in basing decisions concerning sample size on the results of 
this study when sampling habitats with less than 44 taxa. 

Differences in accuracy between habitats depended on the metric 
studied, indicating that differences in accuracy between habitats could not be 
explained based on general assumptions about habitat characteristics. In 
general, metrics characterised by lower accuracy showed larger  differences 
between habitats.  

The large differences in accuracy for the Saprobic Index between akal 
samples from the Netherlands and Slovakia might have been the result of 
regional differences or different sample processing protocols.  
 
Sample processing costs 
 
Costs were based on identifications to species level and identification of all 
specimens. Some metrics, however, do not necessitate identification to species 
level or identification of all groups. For example, the calculation of the 
Saprobic Index, the metric type Aka+Lit+Psa (%), the ASPT or the EPT-taxa 
(%) doesn’t require the identification of Oligochaeta and Diptera. In the 
Netherlands Oligochaeta and Diptera can make up a large part of the total 
number of individuals in a sample. Instead of determining the costs for the 
different metrics separately, which would be lengthy, the costs excluding the 
identification of Oligochaeta and Diptera were determined. This means that 
the costs for the ASPT and the EPT-taxa (%) are in reality lower than 
indicated in this study because these metrics do not necessitate the 
identification of other groups besides Oligochaeta and Diptera. The 
assumption made in this study was that often a combination of metrics 
(multimetric) will be used for assessment, thereby requiring the identification 
of the majority of the groups. For this reason, differences in costs between 
metrics were not taken into account. In case these differences in costs are 
taken into account the metrics ASPT and EPT-taxa (%) might still be 
calculated against reasonable costs, despite their high variability.  
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Apart from the groups that are identified, taxonomic resolution plays 
an important role in the costs associated with sample processing. All cost 
related comparisons made in this study have been based on identifications to 
species level. The ASPT is a metric that requires identification to family level 
only. When the ASPT is the only metric used for bioassessment purposes and 
identifications can be performed at family level, the cost associated with the 
ASPT would probably be comparable to the costs associated with the Saprobic 
Index or the metric type Aka+Lit+Psa (%).  

Differences in sample processing costs between habitats could not 
completely be related to the number of individuals collected. Other factors, 
e.g., the characteristics of the collected material sampled (large amounts of 
small dark particulate matter makes it more difficult to detect organisms) or 
previous experience of the analysts with the taxa collected also might have 
played a role.  

The samples in this study were collected by pushing the net through 
the upper layer of the substratum, collecting the complete upper layer. The 
amount of material and the number of individuals collected through kick 
sampling or jabbing the substratum would have been much lower (Vlek, 2004). 
Since costs are directly related to the amount of material and the number of 
individuals collected (Barbour & Gerritsen, 1996), sample processing costs can 
expected to be much lower in case of kick sampling or jabbing the substratum 
instead of sampling the complete upper layer of the substratum.  
 
Assessment and sample size 
 
Reason for this study was the large amount of time that is needed for the 
processing of samples collected with the AQEM method. In the AQEM 
project multimetric indices were developed based on multihabitat samples 
collected according to the AQEM method (Hering et al., 2004). The 
assessment of anthropogenic stress with multimetric indices based on 
multihabitat samples has been frequently applied in the United States (Ohio 
EPA, 1987; Plafkin et al., 1989; Barbour et al., 1992; Kerans et al., 1992; 
Barbour et al., 1996; Major et al., 1998 and Maxted et al., 2000) and Europe 
(Hering et al., 2004). Arguments in favour of this approach are: (1) by 
collecting macroinvertebrates from all the habitats present in proportion to 
their coverage a sample is a better representative of the habitats (and 
organisms) present in the sampled reach than when collecting from a single 
habitat (Carter & Resh, 2001); limiting sampling to a single habitat means that 
certain kinds of anthropogenic stress, which only influence specific habitats, 
may go undetected (Kerans et al., 1992) (2) multimetric indices provide 
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detection capability over a broader range and nature of stressors and give a 
more complete picture about ecosystem health (Karr et al., 1986; Barbour et 
al., 1996).  

The calculation of ecological quality classes in this study was based on 
samples from one habitat. However, the multimetric index used to calculate 
the classes was calibrated based on multihabitat samples (Vlek et al., 2004). 
Calculations of the ecological quality classes based on multihabitat samples 
would most likely have resulted in different classes compared to the 
calculations based on samples from one habitat. Still, the acquired information 
is very valuable in the sense that it gives an idea about the sensitivity of 
assessment results to reductions in sample size.  

The differences in the percentage of misclassifications (a deviation in 
ecological quality class from the “reference” sample) between habitats could 
not be explained based on general assumptions about habitat heterogeneity; 
otherwise the variability in metric values would have been higher for samples 
from submerged macrophytes and akal than for samples from sand and FPOM 
for all metrics studied. Of the metrics evaluated in this study the metrics EPT-
taxa (%), ASPT and type Aka+Lit+Psa (%) are incorporated in the multimetric 
index. The differences in misclassification between habitats could neither be 
explained by the variation in EPT-taxa (%) values. Variability in EPT-taxa (%), 
ASPT and type Aka+Lit+Psa (%) values together were not higher for 
submerged macrophytes and akal samples than for sand and FPOM samples. 
The differences in misclassification between habitats seemed to be related to 
other metrics incorporated in the multimetric index. The low number of 
misclassifications for the sand samples did not reflect the relatively high 
variation in EPT-taxa (%) values, two possible explanations can be: (1) EPT-
taxa (%) values did not happen to fall near a breakpoint in the scoring criteria 
(Fore et al., 2001) and/or (2) the combination of several metrics makes the 
multimetric index robust.  

It is difficult to predict the influence of variability/accuracy for 
different individual metrics on the variability and accuracy of the final 
assessment result (Vlek, 2004). This is, among others, due to the fact that it is 
very important whether metric values for a single sample happen to fall near a 
breakpoint in the scoring criteria (Fore et al., 2001). Water managers will be 
interested in the probability that assessment results indicate less than good 
ecological quality while in reality ecological quality is good (false positives, type 
I error), because false positives will lead to unnecessary restoration measures 
(CIS working group 2.3, 2003). Organisations dealing with nature conservation 
will of course be interested in the the probability that assessment results 
indicate good quality while in reality the ecological quality is less than good 
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(false negatives, type II error). It is unlikely that water managers will take more 
than one multihabitat sample for the purpose of routine biological monitoring, 
due to costs considerations. So, instead of calculating the number of samples 
necessary to achieve a low error, they would be interested in knowing the error 
associated with taking only one sample. With information on the variability in 
individual metric values, the program STARBUGS (Clarke, 2004) can be used 
to calculate the effect of differences in estimates of habitat coverage and the 
effect of variability in individual metric values on the final assessment result of 
individual samples. The information on variability in the supplementary 
material can be used to perform the mentioned calculations for different 
multimetric indices. However, assumptions will have to be made about the 
variability of multihabitat samples based on single habitat variability. Because it 
is not clear whether the differences in variability and accuracy between samples 
from the Netherlands and Slovakia were caused by regional differences or 
different sample processing protocols, the application of the information in the 
supplementary material should be limited to the studied stream types in 
Slovakia and in the Netherlands. 

The information in this paper gives scientists and water managers the 
opportunity of weighing a decrease in variability and an increase in accuracy on 
the one hand against the increase in costs on the other hand. Hopefully, the 
outlined approach shows water managers that the consequences of poor 
decision making potentially outweigh the savings associated with smaller 
sample area (Doberstein et al., 2000). 
 
Conclusions and recommendations 
 
Accuracy and variability varied depending on the habitat and the metric 
examined. This leads to the conclusion that sample size applied for biological 
monitoring should be based on the specific habitats present in a stream and the 
metric(s) used for bioassessment.  

Assessment based on the number of taxa, the ASPT, the EPT-taxa (%) 
or the number of individuals is relative expensive compared to assessment 
based on the Saprobic Index or the metric type Aka+Lit+Psa (%), when 
specimens are identified to species level and a CV of 10% is aspired. These 
relative expensive metrics also require a high absolute increase in costs to 
realise a decrease in CV from ≤ 20% to ≤ 10%, while this decrease in costs 
requires (for most habitats) a relative low (or even no) increase in costs for the 
Saprobic Index and the metric type Aka+Lit+Psa (%). The increase in costs 
necessary to reduce variability for the Saprobic Index and the metric type 
Aka+Lit+Psa (%) is certainly justifiable given the possible implications of 
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incorrect assessment results. When assessment of Dutch streams is based on 
the Saprobic Index or the metric type Aka+Lit+Psa (%) it is, therefore, 
recommended to strive for a CV of ≤ 10%. A CV of ≤ 10% can be achieved 
by sampling 3.5 m (54 hours, including identification of Oligochaeta and 
Diptera) in case of the Saprobic Index or 2.5 m (35 hours, Oligochaeta and 
Diptera) in case of the metric type Aka+Lit+Psa (%).The indicated sample 
sizes for multihabitat samples are based on streams in the Netherlands where 
the habitats FPOM, akal, submerged macrophytes and sand are present. For 
streams in Slovakia (small siliceous mountain streams in the West Carpathian) a 
CV of ≤ 10% can be achieved by sampling 1.5 m in case of both metrics. The 
indicated sample size is based on multihabitat samples from streams in 
Slovakia where the habitats akal, macrolithal, mesolithal and microlithal are 
present. 

The recommended multihabitat sample sizes are based on a fixed 
sample size per habitat and don’t depend on the coverage of the individual 
habitats in a stream. Results of this study suggested that a multihabitat sample 
size of less than 5 m is also adequate to attain a CV and MRD ≤ 10% for the 
metric ASPT. The metrics number of taxa, number of individuals and EPT-
taxa (%) require a multihabitat sample size of more than 5 m to attain a CV 
and MRD of ≤ 10%. For the metrics number of individuals and number of 
taxa a multihabitat sample size of 5 m is not even adequate to attain a CV and 
MRD of ≤ 20%. 

Accuracy of the multimetric index for Dutch slow running streams 
depends on the sampled habitat(s). No extra costs are associated with an 
increase in accuracy from ≤ 20% to ≤ 10% for akal, FPOM and sand samples. 
However, the sample size of submerged macrophytes samples has to be 
increased from 0.75 m to 1 m to achieve this increase in accuracy. This increase 
in sample sizes equals an increase in labour time of two hours, which is not 
much considering the possible implications of incorrect assessment results. 
Hence,  it is recommended to strive for a an accuracy of ≤ 10%, which 
requires a multihabitat sample size of 2.5 m (0.25 m FPOM, 0.25 m sand, 1 m 
akal and 1 m submerged macrophytes) and a labour time of 26 hours 
(excluding Oligochaeta and Diptera) or 38 hours (including Oligochaeta and 
Diptera). 
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